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OPERATING EXPERIENCE WITR THE SODIUM REACTOR
EXPERIMENT AND ITS APPLICATION TO THE HALLAIvI NUCLEAR POWER FACILITY By R . J, Beeley and J . E. Mahlmeister
A'%omics I n t e r n a t i o n a l
ABSTRACT
The Sodium Reaokor Experiment (SRE) w a s designed and c o n s t r u c t e d by
Atomics I n t e r n a t i o n a l , a D i v i s i o n of North American A v i a t i o n , h e . , as p a r t o f a program o f t h e United S t a t e s Atomic Energy Commission t o demons t r a t e t h e t e c h n i c a l and economic f e a s i b i l i t y of sodium cooled g r a p h i t e moderated r e a c t c a r s f o r c e n t r a l s t a t i o n power, The o p e r a t i n g e x p e r i e n c e from t h i s developmental r e a c t o r h a s p r o v i d e d v a l u a b l e d a t a f o r t h e d e s i g n o f t h e H a l l a m Nuclear Power F a c i l i t y (HNPF). The HNPF i s c u r r e n t l y u n d e r s o n s t r u c t i o n a t H a l l a m , Nsbraska, as p a r t of t h e Sheldon Power S t a t i o n b e i n g c o n s t r u c t e d by t h e Consumers P u b l i c Power D i s t r i c t of Nebraska. O p e r a t i o n of t h e SRE r e v e a l e d a r e a s i n which d e s i g n m o d i f i c a t i o n s weye r e q u i r e d o r would l e a d T O improved performance. These m o d i f i c a t i o n s a r e predominantly concerned w i t h t h e c o o l i n g systems. D i f f i c u l t i e s w i t h t h e
h o r i z o n t a l 0 -t u b e intei-mediate (sodium-to-sodium) h e a t exchanger were e x p e r i e n c e d .
A v e r t i c a l u n i t which w i l l a v o i d t h e s e d i f f i c u l t i e s w i l l
be u s e d i n HNPF. The SRE sodium pumps, which were a d a p t e d f r o m h o t o i l pumps through t h e a d d i t i o n of a f r e e z e -s e a l , gave c o n s i d e r a b l e d i f f i c u l t y and r e q u i r e d m o 6 i f i c a t i o n s . The f r e e z e -s e a l w a s i n i t i a l l y cooled w i t h t e t r a l i n . A l e z k developed which p e r m i t t e d t h e t e t r a l i n t o e n t e r t h e r e a c t o r and p a r t i a l l y p l u g some of t h e f u e l c h a n n e l s . T h i s r e s u l t e d i n l o c a l o v e r h e a t i n g and damage t o 13 of t h e 43 f u e l elements i n t h e core.
The HNPF l o o p s w i l l u s e a f r e e -s u r f a c e pump which does n o t r e q u i r e a -2-'.
I freeze-seal, During the SRE cleanup, following the fuel element damage, it was found that the SRE fuel handling machine would not permit handling of broken elements, Both the fuel elements and the handling machine for the Hallam Nuclear Power Facility are of a modified design so that this difficulty should not arise. In addition, it was found necessary to control the coolant f l o k in SRE so that system temperatures could be maintained after a reactor scram, thus avoiding excessive thermal stresses in the reactor and syst.em components. Such flow control has also been incorporated in the HNF'F design.
Special HNE'F features which were incorporated subsequent to the SRE fuel element damage include the addition of an activity monitoring system for the core cover gas, the complete elimination of tetralin f o r auxiliary cooling of plant equipment, provision of instrumentation for fuel elements, and addition of carbon traps in the primary sodium system. experimental work on materials were initiated to determine its applicat' bility to combined plutonium and power production.
Special tests and experiments on
were reoriented to emphasize power production, and all subsequent work has been done with 1;he objective of developing the SGR to produce economical electric power in central station plants.
In 1951 the studies The features of the SGR which make it attractive as a heat source for modern steam turbines are its high operating temperature and the excellent heat transfer characteristics of the sodium coolant, The high temperature is available with essentially atmospheric pressure on the reactor and sodium systems. The low pressure, together with lack of energetic chemical reactions among reactor materials and negligible corrosion of ordinary structural materials by liquid sodium make large, high power
reactors entire]-y practical. A negative power coefficient of reactivity, the considerablo difference between the normal operating temperature and the boiling temperature of sodium, the high heat capacity of the pools of sodium coolant rrt the reactor inlet and outlet, and the natural convection cooling characteristics combine to make the reactor unusually safe to operate.
A considerable amount of research and development effort, particularly on sodium components and fuel materials, was required to bring the SGR concept to the point at which a reactor experiment aould usefully be constructed, i n t e r e s t t o sodium cooled r e a c t o r s , i n t h e environment ( t e m p e r a t u r e and c o o l a n t ) f o r which t h e y were i n t e n d e d and i n adequat.e q u a n t i t i e s t o prov i d e s t a t i s t i c a L l y meaningful d a t a .
2.
To d e t e r m i n e t h e s t a t i c and k i n e t i c n e u t r o n b e h a v i o r o f t h i s r e a c t o r t y p e and e s t a b l i s h i t s s a f e t y c h a r a c t e r i s t i c s .
.
To t e s t and demonstrate sodium system components which were i n g e n e r a l a d a p t e d from c o n v e n t i o n a l d e s i g n s and commercially a v a i l a b l e .
4.
To d e m o n s t r a t e maintenance t e c h n i q u e s and g e n e r a l p l a n t opera-
O p e r a t i n g e x p e r i e n c e w i t h t h e SRE h a s y i e l d e d i n f o r m a t i o n on m o s t o f t h e s e a r e a s o f u n c e r t a i n t y which e x i s t e d d u r i n g t h e d e s i g n phase. T h i s e x p e r i e n c e h a s been a p p l i e d i n e n g i n e e r i n g t h e H a l l a m N u c l e a r Power F a c i l i t y (HNPF),, The HWF, u n d e r c o n s t r u c t i o n f o r t h e Consumers P u b l i c Power D i s t r i c t of Nebraska, i s t h e f i r s t SGR t o b e b u i l t p r i m a r i l y f o r power producti.on, The HNPF i s a 75,000 kwe p l a n t , s t i l l s m a l l f o r economic nuc1ea:c power p r o d u c t i o n b u t u t i l i z i n g sodium components o f t h e s c a l e r e q u i r e d l o r l a r g e p l a n t s . Because of t h e f a c t o r o f 1 2 s c a l e -u p from SRE, a r e s e a r c h and development program h a s been r e q u i r e d on components.
The HNPF program w a s i n i t i a t e d i n November, 1957; s i t e c o n s t r u c t i o n began -5-
The SRE hat3 been d e s c r i b e d i n d e t a i l elsewhere,' and o n l y t h o s e f e a t u r e s p e r t i n e n t t o t h i s p a p e r w i l l be d i s c u s s e d h e r e . The m a j o r f e a t u r e s o f t h e r e a c t o r itre shown i n F i g u r e s 1 and 2.
The moderator c o n s i s t s of hexagonal l o g s of g r a p h i t e canned i n zirconium and submerged i n a pool of sodium. An a x i a l p r o c e s s channel t h r o u g h t h e g r a p h i t e l o g c o n t a i n s t h e f u e l elements. ( F i g u r e 4 ) . The n e u t r o n a b s o r b i n g m a t e r i a l i s boron n i c k e l a l l o y c o n t a i n i n g aboirt 2 p e r c e n t boron. The induced N a 2 4 a c t i v i t y makes a secondary l o o p g e n e r a t o r and t o i s o l a t e t h e seactoor i n t h e e v e n t o f a major 1.jsl.C on t h e steam g e n e r a t o r .
Coolant flow through t h e c o r e i s upward f r o m a plenum under t h e g r i d
p l a t e , p a s s i n g 1;hrough t h e f u e l c h a n n e l s t o t h e pool above t h e c o r e . Moderator c o o l a n t f l o w s upward between moderator cans t o t h e u p p e r pool.
The h e a t sLnk i s a steam g e n e r a t o r and a 7500 kw t u r b i n e -g e n e r a t o r system p r o v i d e d by t h e Southern C a l i f o r n i a Edison Company.
HNPF DESCRIPTIOIf
The H W F , l?igure 6 , i n c o r p o r a t e s a 240 M w t sodium r e a c t o r and a s s o c i a t e d equipment; t o g e n e r a t e steam o f s u f f i c i e n t q u a n t i t y t o produce 75,000 n e t kw e l e c t r i c power.
The steam, a t 800 p s i g and 800'F e l s e w h e r e and O i l l y p e r t i n e n t f e a t u r e s w i l l be d i s c u s s e d .
The n u c l e a r f a c i l i t y h a s been d e s c r i b e d i n d e t a i l 2 ''
The r e a c t o r b u i l d i n g , F i g u r e s 7 and 8 , houses t h e r e a c t o r , t h e h e a t t r a n s f e r system, r e a c t o r s e r v i c e system and equipment, and m i s c e l l a n e o u s The HNPF reactor core, which is basically similar to that of the SRE is shown in Figure 9 . The reactor structure, which is designed for operation Design features provide for support of the stainless steel sheath and for gettering of the thermally and radiolytically released gases which will A total of 141 elements makes up the graphite assembly.
evolve from the graphite.
Q I
The f u e l element, F i g u r e 11, c o n s i s t s o f a c l u s t e r of 18 f u e l r o d s assembled w i t h i n a a i r c a l o y -2 p r o c e s s tube. The f u e l rod i s comprised o f 0.500 i n . diame$er U-Mo s l u g s i n 0.010 i n . w a l l , 0.660 i n . OD, t y p e 304 s t a i n l e s s s t e e l t u b i n g w i t h a n a n n u l a r sodium bond. These a b s o r b e r a s s e m b l i e s a r e i n t e r c h a n g a b l e w i t h t h e f u e l e l e m e n t s , a l l o w i n g placement as d e s i r e d w i t h i n t h e c e n t r a l c o r e r e g i o n .
The sodium h e a t t r a n s f e r system (Figure 13) c o n s i s t s of t h r e e p a r a l l e l c i r c u i t s o r i g i n a t i n g a t t h e r e a c t o r and t e r m i n a t i n g a t t h e steam g e n e r a t o r s .
Each c i r c u i t c o r t s i s t s of a r a d i o a c t i v e primary l o o p and a n o n r a d i o a c t i v e
s e c o n d a r y sodium l o o p , w i t h exchange of t h e r m a l e n e r g y t h r o u g h a n i n t e r -
e d i a t e h e a t exchanger.
The t h r e e primary sodium l o o p s are i n p a r a l l e l and common t o t h e r e a c t o r .
The i n t e r m e d i a t e h e a t exchangers are l o c a t e d i n i n d i v i d u a l s h i e l d e d c e l l s .
I n each primary sodium l o o p t h e r e i s a v a r i a b l e speed primary pump l o c a t e d i n t h e c e l l w i t h t h e i n t e r m e d i a t e h e a t exchanger. The secondary sodium system c o n s i s t s of t h r e e p a r a l l e l l o o p s each o r i g i n a t i n g on t h e s h e l l s i d e of an i n t e r m e d i a t e h e a t exchanger and terminating a t t h e sodium s i d e o f a steam g e n e r a t o r . Each l o o p c o n t a i n s a v a r i a b l e speed secondary sodium pump, expansion t a n k , t h r o t t l i n g v a l v e , and a r a d i a t i o n detctctor, Only t h a t p o r t i o n of t h e p i p i n g i n a l o o p which c o n n e c t s t o a n i n t e r m e d i a t e h e a t exchanger e x t e n d s i n t o t h e s h i e l d e d c e l l s .
The remainder o f t h e l o o p i s i n a n a c c e s s i b l e , u n s h i e l d e d a r e a above f l o o r l e v e l .
The HNPF pumps, F i g u r e 14, a r e similar i n c o n s t r u c t i o n t o c o n v e n t i o n a l v e r t i c a l l y -m o u n i e d , c e n t r i f u g a l pumps, u t i l i z i n g a h y d r o s t a t i c (sodium) The sodium-to-sodium i n t e r m e d i a t e h e a t exchangers a r e mounted as shown i n F i g u r e 15. !Che exchangers are v e r t i c a l t o reduce s t r a t i f i c a t i o n problems a t low flow r a t e s . The exchangers a r e d e s i g n e d f o r a p r e s s u r e o f 100 p s i g a t 1000°F.
The steam g e n e r a t o r , F i g u r e 16, c o n s i s t s of an e v a p o r a t o r , m o i s t u r e e l i m i n a t o r and a s u p e r h e a t e r . C o n s t r u c t i o n i s o f t h e s h e l l and t u b e t y p e , u t i l i z i n g d u p l e x t u b e s t o p r e v e n t i n t e r l e a k a g e between t h e sodium and t h e 
I = -11-
The main primary sodium v a l v e s a r e s p l i t -w e d g e block v a l v e s and v e n t u r i b a l l -t y p e t h r o t t l e v a l v e s as shown i n F i g u r e 17. Each v a l v e h a s a f r o z e n sodium stem s e a l . The s e a l i s cooled by c i r c u l a t i n g n i t r o g e n . The v a l v e s a r e of c o n v e n t i o n a l d e s i g n e x c e p t t h a t t h e stems a r e l o n g e r t h a n s t a n d a r d t o acconunodate t h e f r e e z e s e a l assembly.
The sodium s e r v i c e s y s t e m s p r o v i d e t h e means t o f i l l , d r a i n , f l u s h , and p u r i y t h e sodium i n t h e r e a c t o r c o r e t a n k and t h e sodium h e a t t r a n s f e r s y s tems.
The f u e l h a n d l i n g machine, F i g u r e 18, i s provided with f e a t u r e s which p e r m i t f u e l h a n d l i n g i n an i n e r t atmosphere. h o u r s o f e l e c t r i c a l energy were produced i n t h e f i r s t two y e a r s of o p e r a t i o n .
I t s o p e r a t i n g c h m a c t e r i s t i c s have i n g e n e r a l proven t o be v e r y s a t i sf a c t o r y . T h i s f z x t must be borne i n mind s i n c e t h i s paper, by i t s n a t u r e , must emphasize t h e d i f f i c u l t i e s and t h e i r s o l u t i o n s .
I n s p i t e of t h i s more t h a n l5,000,000 k i l o w a t t -
The power o p e r a t i n g h i s t o r y i s summarized i n b a r c h a r t f o r m i n Most of t h e d i f f i c u l t i e s e x p e r i e n c e d w i t h t h e SRE have been concerned w i t h t h e c o o l i n g system. These i n c l u d e s t r e s s problems r e s u l t i n g from l a c k of a f t e r -s c r a m flow c o n t r o l , h i g h s t r e s s e s i n t h e i n t e r m e d i a t e h e a t exchange r due t o r e c i r c u l a t i o n , and some problems w i t h pump s e a l s , and v a l v e s .
These w i l l b e d i s c u s s e d l a t e r w i t h r e f e r e n c e t o t h e HNPF d e s i g n . 
a A v a r i e t y of o t h e r t e s t s , p a r t i c u l a r l y on components, have been performed on thi3 SRE whioh have provided i n f o r m a t i o n t o a i d t h e d e s i g n of t h e H a l l a m f a c i l i t y . A b r i e f summary o f t h e o p e r a t i n g c h a r a c t e r i s t i c s o f
SRE and HNPF i s p r e s e n t e d i n T a b l e I.
T a b l e I

SRE and HNPF D e s i m P a r a m e t e r s Thermal Power (Mw) E l e c t r i c a l Power (Mw)
Steam C o n d i t i o n s (psig/OF)
F u e l M a t e r i a l s F u e l Loading ( k g U )
S o d i urn T em)? e r a t u r e s 7
Primary o u t l e t ( O F )
Primary : i n l e t (OF)
Secondary o u t l e t (OF)
S e c o n d a q i n l e t ( O F )
Sodium Flow
Maximum H e a t F l u x Btu/hr-f t2 Perhaps the most important of these was excessive thermal convection flow in the primary sodium system following a reactor scram. Because of the lasge temperature rise across the core (460'F) it is necessary to match the coolant flow rate to the afterglow power level in order to avoid temperature fluctuations and resulting thermal stresses. It was found on the SRE that normal flow decay was not sufficiently fast to avoid a rapid reduction in temperature of the upper sections of the reactor. To correct this situation eddy-current brakes were added to both the primary and secondary cooling circuits.
The improvement in stability of the reactor outlet temperature is shown in Figure 20 . On the basis of this experience, the major components for the HNPF were physically oriented to provide approximately the correct convection sodium flow through the core from any one of the three sodium circuits to remove the afterflow energy. Control of the convective flow is obtained by automatic positioning of throttling valves as shown in Figure 17 .
Heat Exchangers -Another unexpected result from the SRE operation wzs a tendency for the sodium to stratify in the intermediate heat exchanger at low flow. The exchanger is a horizontal U-tube unit of conventional design.
F o l l o w i n g a r e a c t o r scram, w i t h t h e sodium flow reduced t o a low v a l u e , i t w a s found thal; a t e m p e r a t u r e d i f f e r e n c e of more t h a n 2 0 0°F could develop between t h e t o p and bottom of t h e h e a t exchanger s h e l l , T h i s a p p a r e n t l y
was due t o s t r a t i f i c a t i o n o f t h e secondary sodium on t h e s h e l l s i d e and t o r e c i r c u l a t i o n of t h e primary sodium f r o m t h e t o p t o t h e bottom t u b e s , The r e s u l t i n g thermal-s t r e s s e s produced some b u c k l i n g of t h e h e a t exchanger s h e l l . T h i s problem i s avoided i n t h e HNPF d e s i g n by v e r t i c a l o r i e n t a t i o n , a s shown i n F i g u r e 15. The d i f f i c u l t y w i t h t h e SRE i n t e r m e d i a t e h e a t exchanger h a s n o t y e t been c o r r e c t e d . However, a new u n i t o f h i g h e r c a p a c i t y has been o r d e r e d which should n o t be s u s c e p t i b l e t o t h i s d i f f i c u l t y . The performance of t h e SRE i n t e r m e d i a t e h e a t exchanger d e p a r t e d from d e s i g n i n anothe?: r e s p e c t ; t h e l o g mean t e m p e r a t u r e d i f f e r e n c e w a s observed
t o be a b o u t 50% h i g h e r t h a n w a s a n t i c i p a t e d because of poor b a f f l i n g , p a r t i c u l a r l y i n s h e bend a r e a o f t h e U-tubes. The t e m p e r a t u r e v a r i a t i o n on 6 t h e s h e l l s i d e on t h e exchanger i s shown i n F i g u r e 21. A s t h e f i g u r e i n d ic a t e s , %he h e a t t r a n s f e r s u r f a c e i n t h e bend a r e a i s n o t u t i l i z e d t o any a p p r e c i a b l e e x t e n t .
Sodium Pumps -The sodium pumps i n t h e SRE a r e o f t h e f r e e z e -s e a l t y p e i n which t h e l i q u i d sodium i s p e r m i t t e d t o e n t e r a narrow a n n u l u s between t h e s h a f t and h o u s i n g and i s f r o z e n t h e r e by a n a u x i l i a r y c o o l a n t . The sodium seal i s c o n t i n u o u s l y s h e a r e d by r o t a t i o n o f t h e s h a f t . A similar f r e e z e s e a l used on t h e pump c a s i n g of t h e main secondary sodium pump i s shown i n F i g u r e 22.
The main primary pump i s of s i m i l a r d e s i g n except t h a t t h e h o u s i n g i s extended v e r t i c a l l y t o p e r m i t o p e r a t i o n of t h e d r i v e motor o u ts i d e o f t h e s h i e l d e d g a l l e r y . The f r e e z e -s e a l s on t h e SRE sodium pumps have been s o u r c e s o f c o n s i d e r a b l e o p e r a t i o n a l d i f f i c u l t y due t o s h a f t b i n d i n g ,
sodium extrusion and gas in-leakage. The temperature gradient in the seal provides a diffusion trap for sodium oxide which collects in the seal area.
On three occasione, twice with the main primary pump and once with the main secondary pump, ma.teria1 failures have permitted leakage of the auxiliary coolant, tetralin, into the sodium systems.
On the last occasions a sufficient quantity of tetralin was admitted into the primary system to produce severe plugging of the fuel channels in the reactor. The resultant overheating of the fuel elements caused failure of the fuel cladding on 1 3 of the 43 elementa in the core. 7
The SRE pumpei have been modified to permit the use of NaK for the auxiliary coolant on the freeze seals. This will avoid the introduction of a non-compatible material into the sodium systems.
The HNPF sodium pump shown in Figure 4 utilizes hydrostatic sodium bearing and requii-es no auxiliary coolant. This feature eliminates the possibility of introducing foreign material into the primary coolant through this component.
Sodium Valvea -Valve performance i n the SRE has been g e n e r a l l y s a t i sfactory. Both freeze-seal and bellows-seal valves have been used without major difficulty. Four of the bellows-seal valves in the sodium service system have had to be replaced because of damage to the bellows resulting from extrusion of solid sodium during pre-heating operations or to valve operation when the bellows was partially filled with solid sodium. No difficulties have been encountered with the freeze-seal valves. The desire to remove any possibility of contamination in HNPF led to changes to the sodium valves so that cooling is provided for the freeze-seal valve stems by circulating the nitrogen atmosphere in the cells that contain the components. Vapcir t r a p s , f r e e z e t r a p s and p l u g g i n g m e t e r s a r e cooled i n t h e same manner.
F u e l Handling Machine -I n i t s r o l e as a f u e l t e s t i n g f a c i l i t y , t h e SRE h a s r e q u i r e d e x t e n s i v e f u e l h a n d l i n g f o r i n s p e c t i o n o f elements. The o r i g i n a l f u e l h a n d l i n g machine performed t h i s t a s k s a t i s f a c t o r i l y as l o n g as t h e e l e m e n t s were undamaged. The f u e l elements which were damaged when t e t 1 3 a i i n e n t e r e d t h e primary system c o u l d n o t be handled s a t i s f a c t o r i l y and i t , b r a s a e c e s s a r y t o b u i l d a modified machine. Jamming o f t h e SRE f u e l h a n d l i n g machine o c c u r r e d when broken s p a c e r w i r e s f r o m t h e f u e l element became en-t;afigled i n t h e h o i s t c h a i n s .
A modified machine h a s been b u i l t
which a v o i d s t h e s e d i f f i c u l t i e s .
I n t h e HNPF machine ( F i g u r e 18) two guide tubes dre p r o v i d e d which run t h e f u l l h e i g h t o f t h e f u e l h a n d l i n g machine.
I'hus, any joint; or damaged i t e m b e i n g handled cannot g e t o u t of p o s i t i o n a n d jaa %he i n t e r n a l mechanisms.
l -e h maximum and a l l j o i n t s a r e smoothly chamfered. The machine i s d e s i g n e d
rucn t h a t t h e e n t i r e i n t e r n a l mechanism cain be lowered o u t of t h e s h i e l d e d
Gaps between s e c t i o n s a r e l i m i t e d t o 1/16 body sections f o r maintenance. A maintenance c e l l i s i n c l u d e d i n t h e f u e l h a n d l i n g a r e a of t h e HNPF ( F i g u r e s 7 and 8 ) which h a s t h e c a p a b i l i t y o f a c c o m p l i s h i n g t h i s o p e r a t i o n Cover Gas A c t i v i t y Monitor -During power r u n No. 14, s e v e r a l f u e l Plements i n t h e SRE were s e v e r e l y damaged, This s i t u a t i o n w a s n o t known u n t i l t h e r e a c t o r w a s s h u t down t o i n s p e c t t h e f u e l . E a r l i e r d e t e c t i o n would have minimized t h e damage, p e r h a p s t o f a i l u r e of a s i n g l e rod.
One ol" t h e modrficatfLons t o t h e SRE f o l l o w i n g t h e f u e l element damrzge i n c i d e n t was i n s t a l l a t i o n o f a r a d i a t i o n d e t e c t i o n system t o m o n i t o r c o n t i n u o u s l y
t h e Xe ''' r a d i o a c t i v i t y i n t h e helium cover gas o v e r t h e r e a c t o r .
background a c t i v i t y w i l l always e x i s t i n the c o v e r gas from minute l e a k s i n Outlet Sodium Temperature Control and Monitoring Systems -The SRE fuel elements are desiened with a fixed orifice plate for control of sodium flow.
The matching of the sodium flow with power generation to obtain a uniform outlet temperature across the reactor has been only moderately successful.
Flow control thrc.ugh the HNPF element (Figure 11 ) by providing a variable orifice which can be adjusted from the loading face shield. In addition, the reactor is designed with an outlet temperature monitoring system for all core positions. This system consists of two multi-point scannerrecorders and six continuous recorders located in the control roomo The recorders are equipped with high and low temperature alarms. With this system the outlet. temperature of each channel is observed every six minutes and as many as si.x channels may be continuously monitored.
Monitor Handing -The SRE fuel damage resulted in lodging of portions of t n e fuel elements in the moderator elements. The removal and replacement of" the damaged moderator elements through the loading face shield was successfully concluded without incident, The HNPF is provided vith complete moderator element removal equipment, as well as the necessary design features !-n the loa,ding face shield and core support structure to accomplish this operation, The fuel handling cask, with special components, is used for this operation.
P l a n t Control System -The plant control system for the HNPF provides automatic operation and load following between 15 and 10% of design power, It provides for fiemi-automatic control capability at all power levels and maintains a l l temperatures and pressures within their design limits at all times.
A diagram o f the plant control system is shown in Figure 2 through the reactor acts on the neutron flux controller to withdraw the s h i m -r e g u l a t i n g :rods, i n c r e a s i n g t h e r e a c t o r power l e v e l . These a c t i o n s r e p r e s e n t t h e i n i t i a l r e s p o n s e of t h e c o n t r o l system t o a change i n p l a n t l o a d . R e -a d j u s t i n g ( r e s e t ) signals t h e n come i n t o p l a y t o p r e v e n t cummulative e r r o m i n t h e s e i n i t i a l r e s p o n s e s f r o m d r i v i n g t h e c o n t r o l l e d v a r i a b l e s o u t of l i m i t s . The secondary sodium flow r a t e s a r e r e s e t t o maint a i n steam p r e s s u r e a t i t s s e t p o i n t . The primary sodium pump s p e e d s a r e r e s e t t o m a i n t a i n t h e programmed r e a c t o r i n l e t sodium t e m p e r a t u r e a t i t s v a r i a b l e s e t p o i n t .
The s h i m -r e g u l a t i n g r o d s a r e r e s e t t o m a i n t a i n f u e l c h a n n e l e x i t t e m p e r a t u r e a t i t s s e t p o i n t .
C u r r e n t l y t h e SRE c o n t r o l system i s l o a d -f o r c i n g , t h e t u r b i n e a c o e p t i n g any steam r a t e set by t h e SRE. F i g u r e 2 3 . HNPF -P l a n t Control System
E N T S U B C R I T I C A L T E S T W E T C R I T I C A L T E S T W I T H 1 3 F U E L E L E M E N T S C A L I B R A T E D C O N T R O L R O D W I T H 11-14-15 E L E M E N T S -R E M O V E D S A M P L E S M A T E R I A L E V
